Background: Phosphate binders, such as lanthanum carbonate, control elevated serum-phosphate levels in patients with endstage renal disease (ESRD). Lanthanum carbonate is available in oral powder and tablet form. The aim of this survey was to investigate satisfaction with, preference for, and adherence to lanthanum carbonate oral powder in patients with ESRD.
Introduction
Patients with end-stage renal disease (ESRD) have severely diminished kidney function; this may be associated with elevated serum-phosphate levels [1, 2] . The Dialysis Outcomes and Practice Patterns Study, a 12-country observational study of patients receiving haemodialysis, reported that between half and two-thirds of these patients have hyperphosphataemia [3] . Elevated serum-phosphate levels may in turn be associated with hyperparathyroidism [4] , vascular calcification [5, 6] , and mineral bone disorder [6, 7] . Furthermore, hyperphosphataemia is an independent predictor of mortality [8] [9] [10] . The increased ISSN: 1740-4398 ORIGINAL RESEARCH -Patient preferences for lanthanum carbonate powder drugsincontext.com risk of cardiac death from elevated phosphate levels is particularly noteworthy: cardiovascular events are the primary cause of death in patients receiving dialysis, accounting for nearly half of all such deaths [11, 12] . This highlights the need for proper management of elevated serum-phosphate levels in patients with ESRD [13, 14] .
Recommendations in clinical-practice guidelines for chronic kidney disease suggest that patients with ESRD should aim for a target serum-phosphate range of 3.5-5.5 mg/dL [15, 16] . Dietary changes and dialysis are usually insufficient to maintain phosphate within the recommended range. Oral phosphatebinding agents are therefore also recommended to manage serum-phosphate levels [16] . Phosphate binders include calcium-based (calcium acetate, calcium acetate/magnesium carbonate combination, and calcium carbonate) as well as calcium-free (lanthanum carbonate, sevelamer carbonate, sevelamer hydrochloride, and the iron-based binders ferric citrate and sucroferric oxyhydroxide) binders [17] .
Lanthanum carbonate (FOSRENOL® [lanthanum carbonate], Shire Pharmaceutical Contracts Ltd, Basingstoke, UK) in tablet form has been shown to be effective in treating hyperphosphataemia in patients with ESRD [18, 19] . An oral powder formulation of lanthanum carbonate has also been approved in Europe. The tablet and powder formulations of lanthanum carbonate have been shown to be pharmacodynamically equivalent [20] ; therefore, it is expected that the level of phosphate control would be the same regardless of formulation.
Non-adherence to phosphate binders is a recognized issue [17] . High tablet burden has been shown to correlate with low levels of adherence [12] . Furthermore, there may be no noticeable impact on symptoms in patients adhering to the complex treatment regimens, which may make them less inclined to adhere to treatment. Therefore, a better understanding of patient preferences is needed. It is possible that powder formulations may be preferred by patients to other formulations (e.g. tablets), and could potentially facilitate greater adherence to medication and better patient outcomes. No study to date has examined patient preferences and treatment satisfaction with lanthanum carbonate powder, either alone or in comparison with other tablet or powder phosphate binders. The aim of the present study was to investigate the levels of satisfaction with, preference for, and adherence to lanthanum carbonate powder compared with other phosphate binders of any formulation, in French and Spanish patients with ESRD.
Methods

Study design
This study was a questionnaire-based survey completed in France and Spain from 1 January to 31 March 2014. Patients with ESRD who met the study-inclusion criteria (see below) were identified and contacted by local physicians. All patients provided informed consent. All procedures followed were in accordance with the Helsinki Declaration of 1964, as revised in 2013. The study was granted approval by the relevant ethics committee in Spain (Comité Ético de Investigación Clínica del Área de Salud de Valladolid Este, Facultad de Medicina, C/ Ramón y Cajal 7, 47005 Valladolid, Spain). In France, a local review was not required because the French institutional review board (Comité Consultatif sur le Traitement de l'Information en Matière de Recherche dans le Domaine de la Santé) considered this study to be market research, which does not require approval. Nominative patient data were not collected in this study, eliminating the need for approval from the French data-protection agency (Commission Nationale de l'Informatique et des Libertés). A mixed online and telephone approach was used because the number of patients taking lanthanum carbonate powder was potentially small, owing to the short time period since its launch on the market (France, June 2013; Spain, January 2013), and because of the desire to maximize the number of qualifying patients participating in the survey. For patients who could not complete the survey online, a computer-assisted telephone-interviewing system was used in which the respondent completed the survey over the telephone with the help of an interviewer.
Patients
Shire Pharmaceutical Contracts Ltd, Basingstoke, UK, provided lists of physicians to be contacted to obtain their assistance in recruiting patients with ESRD who met the study-inclusion criteria. Some of these physicians were recruited via the contacts of the Kantar Health network of interviewers. After giving oral consent to participate, physicians were briefed about the study details over the telephone. A total of 160 patients were planned to be recruited, based on the number of physicians expected to participate and the number of patients expected to be recruited per physician. Patients were recruited with the assistance of the participating physicians as soon as the physicians had been briefed.
The inclusion criteria were: ability to read and write the native-country language; diagnosed with ESRD; currently receiving haemodialysis; currently taking lanthanum carbonate powder for at least 4 weeks; and experience of taking another phosphate-binder medication. These inclusion criteria were provided to physicians during their briefing, and each patient confirmed that they met these criteria upon participation. All information was self-reported by the patients. Physicians provided patients with the appropriate interviewer and agency contact information. Patients then telephoned or emailed the professional interviewer through the agency Kantar Health (France) or a subcontractor (Spain) to complete the survey. In France, patients who completed the survey received a lowvalue gift via their physician. The value of the gift was based on the amount of time required to participate in the study (a 15-25-min survey). In Spain, patients could not be rewarded in order to comply with national ethical requirements. Payments ISSN: 1740-4398 ORIGINAL RESEARCH -Patient preferences for lanthanum carbonate powder drugsincontext.com to physicians in France and Spain were adjusted according to physicians' incomes in the two countries, and were based on the amount of time required to recruit each patient (estimated at 30-45 min).
Questionnaire
The online questionnaire was designed to take approximately 15 min to complete, while telephone-based interviews lasted 5-10 min longer. The questionnaire covered patient demographics, medical history, patient satisfaction with medication, reasons for switching from a previous phosphate binder to lanthanum carbonate powder, preference for lanthanum carbonate powder compared with previous phosphate-binder medication, and adherence to medication. The key outcomes of interest were satisfaction, preference, and adherence.
Treatment satisfaction was measured using the validated Treatment Satisfaction Questionnaire for Medication (TSQM)-9 for both current and previous medication [21, 22] . The TSQM-9 uses a self-reported scale assessing patients' satisfaction with medication, providing scores on three scales: patient-reported effectiveness, convenience, and global satisfaction. These are self-reported measures; patient-reported effectiveness may, therefore, not reflect an actual increase in the effectiveness of lanthanum carbonate to treat hyperphosphataemia. The TSQM-9 comprises nine items, each scored on a 7-point Likert scale (1=most negative; 7=most positive). Overall TSQM-9 scores range from 0 (lowest satisfaction) to 100 (highest satisfaction). A patient's level of satisfaction with their treatment can impact the patient's health-related decisions and treatment-related behaviours, which will affect the success of treatment outcomes [21] . The nine items outlined in the TSQM-9 provide a breakdown of the overall definition of satisfaction in this context.
Questions on treatment preference used 5-point Likert scale agreement ratings (1=strong preference for previous phosphate binder; 5=strong preference for lanthanum carbonate powder). Preference was defined by 11 items addressing a number of factors, including the ease of taking the treatment with meals, the impact of the treatment on the taste, flavour, or enjoyment of meals, and practicalities associated with taking the treatment.
Adherence to medication was measured using the validated Morisky Medication Adherence Scale (MMAS)-4, which is a generic self-reported, medication-taking behaviour questionnaire [23, 24] . It consists of four items (questions labelled 1-4) with a scoring of yes=1 and no=0. The scores for the four items are summed to give a score of 0-4, ranging from high adherence to low adherence. This score can be recoded in three adherence levels (high adherence=score of 0; medium adherence=score of 1 or 2; low adherence=score of 3 or 4). Alternatively, the score can be recoded in a binary adherence variable (adherent=score of 0; non-adherent=score of 1-4), to determine the percentages of adherent and non-adherent patients.
The complete questionnaire was produced in English and then translated by a bilingual native speaker into French or Spanish, depending on the language in question. Subsequently, a review and approval of the initial translation was undertaken by a second bilingual native speaker.
Statistical analyses
The analyses were conducted using the statistical software Stata®, version 13.1 (StataCorp, College Station, TX, USA).
Descriptive statistics (means and standard deviations [SDs] for continuous variables; frequencies and percentages for categorical variables) were performed on the overall sample (France and Spain together) and within each country.
Bivariate analyses were performed on the overall sample and within each country. Patient satisfaction with, preference for, and adherence to lanthanum carbonate powder at the time of the survey versus the phosphate binder that the patient was using prior to the survey (all classes of phosphate binder apart from lanthanum carbonate powder) were compared. Differences between categorical variables were examined using McNemar's χ 2 tests, and differences between continuous variables were examined using paired-sample t-tests. Singlesample t-tests of chewing, swallowing, and meal-enjoyment measures tested whether patients' opinions of lanthanum carbonate powder and a previous phosphate binder were significantly different from the midpoint (a score of 3, which represents indifference between past and current treatment).
Results
Patient demographics
A total of 160 patients were recruited for the study, 80 from each country (France and Spain). None of the patients who were contacted refused to take part in the study or asked for their data to be removed once they had completed the questionnaire. Patient demographics are presented in Table 1 and were similar in both countries. The most notable difference was that 63.8% of French patients but only 45.0% of Spanish patients never ate ready-to-use food (Table 1) .
Patient history of taking phosphate-binder medication and reasons for switching are presented in Table 2 . Overall, at the time of survey completion, patients in France and Spain had been receiving haemodialysis for an average of 43.3 months (SD, 45.6; Table 2 ), and had been taking a phosphate binder (including lanthanum carbonate powder) for an average of 35.4 months (SD, 48.9; Table 2 ). French patients had been taking lanthanum carbonate powder for an average of 3.2 months (SD, 2.6), while Spanish patients had been receiving this medication for 7.9 months (SD, 5.9; 
Satisfaction
Based on the TSQM-9 scores, French patients reported lanthanum carbonate powder as having a statistically significantly higher effectiveness rating than previous phosphate binders (lanthanum carbonate powder was rated as having a mean effectiveness of 69.5/100; previous phosphate binders were rated at 64.8/100; p<0.05; Table 3 and Figure 1 ). French patients were also significantly more satisfied with lanthanum carbonate powder than with previous phosphate binders (lanthanum carbonate powder was rated to have a mean overall satisfaction score of 64.8/100; previous phosphate binders were rated at 58.0/100; p<0.05; Table 3 ). French patients did not report any significant differences in convenience between lanthanum carbonate powder and previous phosphate binders, while Spanish patients did not report any statistically significant difference in effectiveness, convenience, or overall satisfaction between the different medication types ( Table 3) . They were also more confident that the medication was a good thing for them when compared with previous phosphate binders (lanthanum carbonate powder: 3.53; previous phosphate binder: 3.26; p<0.05). There were no statistically significant differences for Spanish patients between lanthanum carbonate powder and any other phosphate binders of any formulation in these measures (Table 3 ). The combined data for both countries showed that patients reported lanthanum carbonate powder as having a significantly higher effectiveness rating (lanthanum carbonate powder: 63.9/100; previous phosphate binders: 59.8/100; p<0.05) and being more convenient (lanthanum carbonate powder: 62.2/100; previous compared with only 40.0% of patients using 750 mg sachet doses. In France and Spain, patients reported taking on average a similar number of sachets of lanthanum carbonate powder per day (France, 2.3; Spain, 2.5); however, the majority of French patients were taking these at the higher dose of 1000 mg (76.3%), while only 43.8% of Spanish patients were taking this dose (Table 2) . Overall, 33.8% of patients combined lanthanum carbonate powder with another phosphate binder of any formulation (other phosphate binders taken at the time of the survey are described in Table 2 ). There was some variation between the two countries in this (France, 16.3%; Spain, 51.3%; Table 2 ). Patients took an average of 9.7 tablets, pills, capsules, and/or sachets per day when combining all phosphate binders (France, 10.3; Spain, 9.1; Table 2 ). The most common phosphate binder taken prior to the time of the survey was lanthanum carbonate in tablet form (53.8% in both France and Spain). Overall, 46.7% of these patients reported having crushed the tablets; however, there was some variation between the ISSN: 1740-4398 ORIGINAL RESEARCH -Patient preferences for lanthanum carbonate powder drugsincontext.com Table 5 ). This trend of non-significance was observed for all four items of the MMAS-4 ( Table 5 ). The actual MMAS-4 scores reflected these results as well. Mean adherence was slightly higher in France than Spain (0.5 vs. 0.9, respectively, while total score for both countries combined was 0.7); these scores represent mediumhigh adherence (0=high adherence; 3 and 4=low adherence).
phosphate binders: 58.3/100; p<0.05) than previous phosphate binders, and showed an overall increased satisfaction for lanthanum carbonate powder compared with previous phosphate binders (lanthanum carbonate powder: 64.3/100; previous phosphate binders: 58.5/100; p<0.01).
Preference
According to item 1 described in Table 4 , there was a preference for continuing lanthanum carbonate powder treatment over previous phosphate binders. On the Likert scale, where 1=strong preference for previous phosphate binder, 3=indifference, and 5=strong preference for lanthanum carbonate powder, French patients scored 3.8 while Spanish patients scored 3.5 (total score for both countries combined was 3.6; Table 4 ). For each individual country as well as for the combined data, there was a statistically significant preference for lanthanum carbonate powder over previous phosphate binders (p<0.001; Table 4 ). Figure 2 illustrates [25] . Thus, lanthanum carbonate tablets may be preferred over other phosphate binders of the same formulation because fewer lanthanum carbonate tablets are required to achieve the same level of phosphate control as with other phosphate binders. Alternatively, physicians may have been more likely to recommend that those patients already taking lanthanum carbonate (in tablet form) rather than those taking calcium-based tablets should try the powder formulation. In this way, further variations in treatment (and possible related side effects) would be reduced. Finally, it is not possible to determine from the data which other phosphate binder patients were taking prior to the one used immediately before switching to lanthanum carbonate powder. It is possible that many of the patients who changed from lanthanum carbonate tablets to powder had previously taken calcium-based binders.
The majority of French patients were using the higher-dose formulation of lanthanum carbonate powder (1000 mg), while a much smaller proportion of Spanish patients were taking this dose. This may have had an impact on the number of patients taking another phosphate binder concurrently, with a higher dose potentially reducing the desire or need to take further medication. This may have also contributed to the low number of French patients taking another phosphate binder at the time of the survey.
Overall, both French and Spanish patients took a similar number of phosphate binders per day and had a similar history in terms of time spent receiving haemodialysis and other phosphate binders. There were, however, some country-specific differences that may reflect variations in the time taken for the product to come to market. Spanish patients had been taking lanthanum carbonate powder for a longer period at the time of the survey than French patients, possibly because the medicine was available to patients in Spain a few months before being available in France. This may have influenced their opinion of lanthanum carbonate powder because Spanish patients would have had more time to adjust to using the new formulation than French patients. Additionally, Spanish patients were much more likely than French patients to be combining another phosphate binder of any formulation with lanthanum carbonate powder. It is possible that French patients, who had more recently switched to lanthanum carbonate powder than Spanish patients, would want to test out the new powder formulation as a sole treatment before incorporating additional (previously used) phosphate-binder treatments. This may have further influenced patients' opinions on the advantages or disadvantages of lanthanum carbonate powder.
French but not Spanish patients were significantly more satisfied with lanthanum carbonate powder than with other phosphate binders of any formulation. Compared with oral medications (in any formulation) for other chronic diseases (asthma, arthritis, cancer, cardiovascular disease, depression/ anxiety, diabetes, infectious disease, migraine, or psoriasis), patients with ESRD assessed using the TSQM-9 in the present study were generally less satisfied with their medications [21] . The result is, however, consistent with another study on
Discussion
The objectives of the current study, which was the first of its kind, were to document the level of satisfaction with lanthanum carbonate powder among French and Spanish patients with ESRD, to establish their preferences for the powder formulation of lanthanum carbonate compared with other phosphate binders of any formulation, and to determine adherence to medication. The results indicate that French but not Spanish patients report being more satisfied with lanthanum carbonate powder than other phosphate binders (in tablet or oral suspension form) and that both French and Spanish patients prefer lanthanum carbonate powder to their previous phosphate-binder medication. However, switching from a previous phosphate binder to lanthanum carbonate powder did not improve patient adherence to medication in either country. It is interesting to note that the most common phosphate binder taken prior to the time of the survey was lanthanum carbonate in tablet form. It has been previously reported that patients have to take a mean daily dose of 9.6 sevelamer hydrochloride tablets to achieve similar phosphate levels to those taking 2.8 lanthanum carbonate tablets per of any formulation, as they found it easy to swallow and to mix with food. It has been reported that elderly patients with ESRD have difficulties with chewing lanthanum carbonate tablets [27] . Understanding patient preference is important in maximizing medication adherence, and preference for lanthanum carbonate powder is thus a valuable measure of the usefulness of this formulation, which may encourage patient compliance and adherence. Nevertheless, despite the higher satisfaction with lanthanum carbonate powder than with other phosphate binders, no significant difference was observed in adherence to medication. The large number of phosphate binders taken by patients each day (9-10 tablets, pills, capsules, and/or sachets per day for both French and Spanish patients), which can impact on their lifestyle [28] , may have had an effect on adherence. The possibility of increased adherence with a powder over tablet formulations has been previously suggested [28] . The powder form of lanthanum carbonate was proposed to increase adherence by aiding patients with reduced ability to chew, whose cognitive functions or medication compliance are poor, and by decreasing the daily required number of tablets. In a survey of 79 patients on maintenance haemodialysis, the preference for lanthanum carbonate in chewable tablet versus granule form was investigated [29] . In this study, 46.8% of patients found granules easier to take, while 27.8% reported that tablets were easier to take and 25.3% reported no differences between the formulations. This supports the idea that a physically smallersized formulation of lanthanum carbonate may be preferred and could therefore increase adherence. Nevertheless, lanthanum carbonate powder, like other phosphate binders, must be taken together with meals, which may affect adherence if it is not compatible with the patient's lifestyle [28] . A relatively low level of adherence to phosphate binders has been previously reported in a review of online medical databases searching for predictors of non-adherence to phosphate-binding medication in patients with ESRD [12] . This review of 34 studies demonstrated a low level of adherence in 51% of patients [12] . While there was some variation between the studies, the overall result suggests that non-adherence to phosphate binders in treatment for ESRD is prevalent. Alongside high tablet burdens, it is reported that a lack of understanding regarding treatment and patients questioning the need for phosphate binders may decrease adherence [17] , which would apply for formulations such as lanthanum carbonate powder as well as tablets. Steps should therefore be taken in patient care to improve adherence, potentially through a better understanding of patients' beliefs and concerns [30, 31] . This may lead to optimal adherence to prescribed treatment. An explanation for the lack of increased adherence observed in this study is that the MMAS-4, used to measure adherence, has a relatively low sensitivity and does not have good psychometric properties [32] [33] [34] . In this study, the MMAS-4 may therefore not have recorded adequately any differences in adherence that are associated with different phosphate-binder formulations.
patient treatment satisfaction in ESRD [26] . This study examined 977 participants (84% were patients with ESRD, 16% were caregivers to such patients) who completed a survey on satisfaction with renal replacement therapy and treatment education. In line with the results in the current study, the authors showed that treatment satisfaction among patients with ESRD lay between 58% and 66% [26] . Taking into account that patients with ESRD are often not aware of their symptoms, this relatively low level of satisfaction is not surprising. French patients also reported lanthanum carbonate powder as having a statistically significantly higher effectiveness rating than previous phosphate binders. French patients were also statistically significantly more satisfied with the way lanthanum carbonate powder relieved their symptoms. However, the clinical relevance of these statistical differences is unknown.
Patients satisfied with lanthanum carbonate powder would be more likely to continue with this treatment than patients who were initially not as satisfied. Thus, it is interesting to examine the reasons for switching medications to determine what may have produced patient satisfaction with lanthanum carbonate powder. The main reasons reported for switching from a previous phosphate binder to lanthanum carbonate powder (medical reasons, problems with chewing and swallowing previous binders, or a desire to reduce the large quantity of tablets, pills, or capsules the patient was taking) indicate that a powder formulation is a preferable alternative to tablets for patients taking phosphate-binder medication. Lanthanum carbonate in tablet form was the most common phosphate binder taken prior to the study, suggesting that medical and other reasons given for switching from this treatment were related to issues with the tablet formulation but not with the efficacy of lanthanum carbonate; in fact, the tablet and powder formulations have been shown to be pharmacodynamically equivalent [20] . The powder formulation of lanthanum carbonate may therefore have contributed somewhat to increased patient satisfaction; however, this cannot be defined clearly in the current study owing to the lack of other phosphate binders in powder form. Future studies should determine whether patient satisfaction increases in general for powder formulations of any phosphate binders compared with other formulations, or whether this effect is specific to lanthanum carbonate.
Two French patients were reported to take lanthanum carbonate both in tablet and in powder formulation at the time of the survey. It may be that the different formulations suited the patients' needs at different times, whereby a tablet or powder formulation may have been easier to take, depending on the particular meal or other daily changing conditions under which the patients were receiving treatment. Alternatively, the patients may have wanted to change gradually from tablet to powder formulation, rather than switching immediately from one to the other, resulting in an overlap of the two formulations. 
Conclusions
The data suggest that the more convenient formulation of lanthanum carbonate powder compared with other phosphate binders of any formulation results in higher levels of satisfaction among French patients with ESRD. Satisfaction was not accompanied by increased adherence to lanthanum carbonate powder over other formulations; nevertheless, both French and Spanish patients demonstrated a clear preference for lanthanum carbonate powder over other phosphate binders of any formulation. The results suggest that a powder may be more convenient and easy to use than other formulations, although further studies should be performed to determine whether this effect is observed only in French patients or also in patients from other countries.
An important issue to address when considering lanthanum carbonate powder as an alternative treatment for patients with ESRD is the associated treatment cost versus other available phosphate binders. There are no cost-effectiveness studies comparing lanthanum carbonate powder to other binders of different formulations; however, studies have reported that lanthanum carbonate tablets are cost-effective compared with sevelamer hydrochloride [35] as well as calcium-containing binders in patients not responding to this treatment [36, 37] . Further studies should be completed to understand the costeffectiveness of lanthanum carbonate powder versus other binders.
Certain limitations should be considered in the current study. A key limitation was that the survey enrolled patients who had already experienced phosphate binders before the study began. Information on patient preferences for and adherence to previous phosphate binders was therefore based on the patients' memories of these experiences, which may have been subject to change over time. Also, because the data were self-reported by the survey participants, there was potential for self-selection bias when comparing treatments.
The use of an online versus telephone survey (which included the help of an interviewer) may have influenced the responses given by patients. Although most participants completed the online survey in this study, a telephone survey was used for individuals who could not access the online version; if only one method of data recording had been used, there may have been reduced variation in responses.
The study analysed patient satisfaction with, preference for, and adherence to phosphate binders over a 4-week recollection period, although overall, patients were taking
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